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tor's stator components. The payload masses are fitted to each end of the tether sub-spans, 53 and the system orbits a source of gravity in space, in this case, the Earth. The use of a tether 54 means that all constituent parts of the system have the same angular velocity as the overall 55 centre of mass (COM). As implied in Figure 2 , the generalised coordinates of the MMET 56 system with axial and torsional elasticity modelling are defined on orbit. The symmetrical 57 double-ended motorised spinning tether can be applied as an orbital transfer system, in or-58 der to exploit momentum exchange for propelling and transferring payloads in space. An
59
MMET modelling with axial and torsional elastic effects will be introduced based on the to construct the FLC rule base makes it difficult to guarantee the stability and robustness of drawback of traditional SMC is the property of chattering, which is generally disadvanta-74 geous within control systems.
75
In recent years, a lot of literature has been generated in the area of fuzzy sliding mode 76 control (FSMC) [ the motor drive axis remains orthogonal to the spin plane, meanwhile, the motor torque will 111 act about the principal axis through its centre of mass.
112
In the discretised non-planar tether model, environmental effects such as solar radiation, 
126
As shown in Figure 5 , the tether length of the discretised MMET is from payload M P 127 to COM, where the time variant length L (t) of the tether is the sum of L 0 and Lx (t), the 128 static length and the variable elastic length of the discretised tether, respectively. The axial elasticity behaviour is defined by the generalised coordinate L x , and the axial elasticity which are given in equations (1) -(3). As also shown in Table 1 , the MMET system's kinetic 154 energy is T , the potential energy is U .
155 Table 1 Axial and torsional elastic discretised MMET generalised coordinates and generalised forces
(1)
Based on the assumptions, the mass moment of inertia of each discretised mass point 156 can be ignored, and then the discretised mass point m i 's kinetic energy, which relates to the 157 ignored mass moments of inertia I ym i = 0, can also be ignored. Thus, the MMET system's 158 kinetic energy equation can be simplified as equation (4).
This MMET system's potential energy is given in equation (5), where µ is the product 160 of the universal gravitational constant G with the Earth's mass.
where
sumed spring elements. The strain energy SE is defined in equation (6) By following the Lagrangian procedure, the following governing equations for the se-170 lected generalised coordinates q i are listed in equations (8) to (9), for q 1 = ψ, q 2 = γ x , and 171 q 3 = Lx as given in Table 1 , in which the generalised forces are given in equations (1) to 
180
A flow diagram for the FαSMC, applying the SkyhookSMC approach, is given in Figure   181 8. The hybrid control effects of the FLC and the SkyhookSMC are combined by equation 
The MMET system is a second-order system. Then, let n = 2 mean that it is a second-
216
order system, in which s defines the position error (e) and velocity error (ė) in equation (14), 
From equations (13) and (14), the second-order tracking problem is now being replaced 220 by a first-order stabilisation problem in which the scalar s is kept at zero by means of a gov-221 erning condition. Obtained from the use of the Lyapunov stability theorem, the governing 222 condition is given in equation (15), and it states that the origin is a globally asymptotically 223 stable equilibrium point for the control system. Equation (16) is the negative definition, and 224 it shows that the MMET's stable behaviour must be satisfied by the negative condition.
The skyhook control strategy was introduced in 1974 by Karnopp et al. [37] . In Figure   226 11 the basic idea is to link a vehicle body's sprung mass to the 'stationary sky' by a con- otherwise, all the results are generated using the parameters for the MMET system and 246 controller in Table 3 . 1 Conceptual schematic of the motorised momentum exchange tether with axial and torsional elasticity 2
